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INTRODUCTION

Potentially active faults in southwestern San Bernardino County that are
evaluated in this Pault Evaluation Report (FER)} include strands of the North
Frontal Fault Zone (NFFZ)} (White Mountain Thrust System, Sky Righ Ranch,
Ocotillo Ridge "Fold", and Ord Mountains fault zone), Atrastre Canyon graben
(Bowen Ranch, Arraatre Canyon Narrows, and Lovelace Canyon faulks), Tunnel
Ridge lineament, and related faults {(figure 1), The northwestern 5an
"Bernardine Mountains study area is located in parks of the Fifteenmile Valley,
Apple Valley scuth, and Lake Arrowhead 7 1/2-minute quadrangles (figure 1),
The eastern NFFZ, located adjacent to the northwestern San Bernardino
Mountains study area, is evaluated in FER-182 (Bryant, 1986). These faults
are evaluated as part of a statewide effort ko evaluate faults for recency of
activity. Those faults determined to be sufficiently active ang well-defined
are zoned by the State Geovleogist as directed by the Alguist-Priole Special
Studies Zones Act of 1972 (mart, 1985).

SUMMARY OF AVAILABLE DATA

~The northwestern San Bernardino Mountains study area is transitional
between the Mojave Desaert and Transverse Ranges geomorphic provinges, The
Mo jave Dpesert geomorphic province, located in the northern and western parts
of the study area, is characterized by generally northwest-trending,
right-lateral strike-~slip faults. 1In contrast, the Transverse Ranges
geomorphic province, located in the southern part of the study area, is
generally characterized by east-trending structures, Both the
northwest-trending and west-trending faults are the result of compressional
‘tectonics along the San Andreas fault system. The interaction between these
two tectonically active provinces has resulted in & structurally complex area.

Toepography in the study area ranges from gently sloping alluvial fans to
relatively steep, north- and weat-facing slopes. Development in the study
area is generally low to moderate in the aastern part cof the study area, but
iz moderate to relatively high in the vicinity of Apple Valley. Rock types in
the study area include pre-MesozZoic roof pendants comprised of gneiss, marble,
and quartzite, Mesozoic plutonic rocks, and Quaternary alluvium (Dibblee,
1874; Miller, 1975~77: Meisling, 1984}). Quaternary alluvial depogits consist
of mid- to late-Pleistocene Ord River Gravels [Meisling, 19B4), late
Pleistocene and Holocene alluvial fans, and late Plelstocene and Holocene
Mojave River terrace deposits,



NORTH FRONTAL FAULT ZONE

The North Frontal fault zone (NFFZ) is a major range front fault zone
along which uplift of the northern San Bernardinc Mountainsg has occurred, The
NFFZ in the study area consists of a complex zone of generally east-, north-,
and northwest-trending reverse and strike-slip faults. Included in the NFFZ
in the study area are the White Mountain Thrust System, Sky High Ranch faunlt,
Ocotillo Ridge "fold", Ord Mountain fault zone, and related faults (fiqure 1).

Cumnlative displacement along the NFFZ is not well-documented. The onset
of deformation and uplift in the northern San Bernardino Mountaing is thought
to have commenced during mid- to late-Pliocene time and hasz continued through
late Pleistocene time (Dibblee, 1975: Sadler, 1981, 1982; Meisling, 1984).
Meisling (1984) reported that vertical diasplacements of Pleiatocens alluvial
fans (his Qf2°unit) probably do not exceed 70 meters along the west front of
the Ord Mountains. Although absolute ages of the alluvial fans are not
Precisely known, preliminary age estimates presented in FER-182 (Bryant, 1986)
gluggest that alluvial fans eguivalent to Meisling's Qf2 unit are approximately
130,000 years old, based on goil-profile development, degree of surficial
weathering of boulders, and degree of preservation of constructional surface
morphology. Clark and others (1984) reported a late Quaternary slip-rate of
0,07 to 0.14 mm/yr along the Ord Mountain faulk zone {figure 1). Meisling
(1984) estimated that faults along the west flank of the Ord Mountains have a
vertical slip-rate of less thap 1) mm/yr,

Mendenhall (1%05) first recognized that the San Bernardino Mountains are
an extremely youthful mountain range, based on the extensive upland erosion
surface and the steep north-facing escarpment. vaughn (1922), Woodford and
Harriss (1928), Gillou (1953), Richmond (1960), and Hollenbaugh (1968) all
reported evidence of late Cenozoie deformation and faulting along the north
front of the San Bernardino Mountains. These maps are not evaluoated in this
FER because either the scale of the maps is too #mall, or the mapping
(especially of late Quaternary faulting) is too generalized. Mapping that is
evaluated in this FER includes Dibblee (1974), Miller (1975-77), and Meisling
(1984), None of these maps are annotated with geamorphic evidence of recent
faulting.

White Mountain Thruat System

The White Mountain Thrust System iz a compleX, generally east-trending,
south—dipping thruat fault mapped in various configurations by Dibblee (1974),
Miller (1975-77), and Meisling (1984) (figure 2a). All three workers mapped
late Pleistocene alluvium as offset along strands of the White Mountain Thrust
System, but Holocene alluvium is not offset (localities 1, 2, figure 2a).

Meisling (1984) reported that the fault zone was active principally
during an clder range front thrusting event and that, in general, the fault
zone has probably been inactive since the beginning of the Pleistocene.
Locally, however, strands of the White Mountain Thrust System offset late
Pleistocene alluvial fans {locality 1, figure 2a), Meisling postulated that
these recently active strands have been reactivated in association with the
Sky Bigh Ranch fault (figure 2a). These recently active strands exclusively
occur on the nertheast, or downslope side of the Sky High Ranch faule,
auggesting that gravitational sliding may be a contributing factor in
reactivation. The total magnitude of late Pleistocene displacement is not
known, but is assumed to be small by Meisling.
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Sky High Ranch Fault

The Sky High Ranech fault is a4 northwest-trending, vertical to
near-vetrtical, right-lateral strike-slip fault (Meisling, 1984) (figure 2a).
The fault has also beeq mapped by hibblee (1974) and Miller {1975-77), All
three workers mapped late Pleistocene alluvium as of Fset along the Sky High
Ranch fault (e.g., locality 3, figure 2a), The location of the fault asz
mapped by the three workers agrees fairly well along the central zegment of
the fault, but significant differences oceur along segmentsa to the aoutheast
and northwest (figure 2a), Northweat of locality 3, the Sky High Ranch fault
splays into two branches: the southern branch joins with the Arrastre Canvon
Narrows fault and the northern branch continues aleng a northwest projection
(figure 2a), Dibblee {1974) and Miller {1975-77}) mapped this feature as a
south-dipping, reverse fault that offsets late Pleistocene, and possibly,
Holocene alluvium (figure 2a). Meisling (1984) mapped & fold in late
Pleistocene alluvium west of sec. 15, T4N, R2W and stated that surface Lupture
of the late Pleistocene alluvial fan deposits could not be demonstrated,

Meisling reported that the Sky High Ranch fault has abundant geomorphic
evidence of recent right-lateral strike-slip faulting, such as offset
drainages, ponded alluvium, scarps, and shutter ridges, Right-lateral
8trike-slip displacement of up to 1/2 km has occurred along the Sky High Ranch
fault since deposition of late Pleistocene alluvial fans (Meizling's (QFf2 unit)
(Meisling, 1984, p. 206), Meisling assigned a late Quaternary slip-rate of
1.25 mm/yr for the Sky High Ranch fault,

Ocotille Ridge "Rold®

The Ocotillo Ridge "fold" is a generally east-trending feature that has
been mapped as an anticline by bibblee (1974), a faulted anticline by Miller
(1975-77}, and a monoclinal warp by Meisling (1984) (figure 2a). Mid- to
late-Pleisztocene Ord River Gravel is deformed and Meisling reported that late
Pleistoecene alluvium iz deformed. To the southwest, the Ocotillo Ridge "fold®
joins with the Ord Mountain fault zone and to the east the Ocotille Ridge
"fold* probably joins with the Sky High Ranch fault (Meisling, 1984)

(figure 2a). Miller mapped the Ocotillo Ridge structure as a thrust fault
that offsets late Pleistocene and, possibly, Holocene alluvium (figure 2a),

The Ocotille Ridge "fold" is delineated by a north-facing scarp in
mid-FPleistocene alluvium. Meisling trenched across this searp and did not
find evidence of faulting (locality 4, figures 2a, 4). The approXimately
20-meter-long trench exposed 5 559 north-dipping section of coarse fluvial
sand and gravel overlying massive debriz-flow deposits,., Carbonate-filled
fractures were reported in the debris-flow deposits, but no unite were
feported to be offget, Liguefaction features were observed in a coarce sanpd
bed and Meisling interpreted these features as seismically telated. Meisling
concluded that the Ocotille Ridge "fo0ld" is a monoclinal warp developed over a
fault in basement rocks., This buried fault is probably a econtinuation or
extension of the Ord Mountains fault zone {Apple Valley Highlands or Juniper:
Ranch faults), Meisling interpreted the scarp-like features delineating the
north side of Ocotillo Ridge to be a resistant gravel bed within Ord River
Gravel deposits.



Oord Mountains Fault Zone

The Ord Mountains fault zone 1s a generally north- to northeast-trending
zohe of both low-angle reverse faults (Apple valley Highlands and Deep Cresk
faultsz) and high-angle faults (Jupniper Ranch and Powerline Road faults).

Apple Valley Highlands Fault

The Apple Valley Highlands fault (AVHF) is a generally north-trending,
somewhat arcuate, sast-dipping reverse fault {figures 2a, 2b). The AVHF was
mapped by Dibblee (1974), Miller (1975-77), and Meisling (1984, figures
2a-2b). Late Pleistocene alluvial fans are mapped as offset by all three
Wworkers and Holocene alluvium iz juxtaposed against late Pleistocene alluvium
at localities 5 and 6 (figure 2a) (Miller, 1975-77; Meisling, 1984).

The maximum down-to-the-weszt vertical displacement of late Pleistocene
alluvium is about 70 meters (Meisling, 1984). Meisling reported that the AVHF
ig delineated by a well-defined, west-facing scarp in late Pleistocene
alluvium (his Qf2 unit). However, Meisling stated that the Qf2 alluvium has a
stage IV K horizon and oxidized B soil horizon, indicating that the alluvium
is probably greater than 100,000 years opld. Meisling estimated the age of the
Qf2 unit to be greater than 100,000 ybp and less than 730,000 vbp, preferring
an age of about 400,000 ybp. Meisling stated that, although the west-facing
scarp in Qf2 deposits is well-defined, the well-indurated nature of the
alluvium, the rounded crest, and the incised drainages argue against very
recent {Holocene) displacement. However, Meisling reported that the laminated
K horizon and B zoil horizon are warped downward at the scarp, indicating that
faulting is much more recent than the age of the Qf2 deposits (Meisling, 1984,
p. 187). Holocene alluvial fans that cross the AVHF are not offset. Meisling
points cut the age of these small fans is not known and could conceivably he
late Holocene in age, Meisling - assigned a preferred late-Quaternary glip-rate
of 0,14 mm/yr for the AVHF.

Deep Creek Fault

The Deep Creek fault 15 a northeast-trending, east~-dipping reverse. fault
mapped by Miller (1%75-77) and Meisling {1984) (figure 2b). Dibblee (1974)
mapped a generally northeast-trending fault that partly coincides with the
Deep Creek fault mapped by Miller (1975-1977) and Meisling (1984) and with the
Powerline road fault mapped by Meisling (1984) (figure 2b), The Deep Creek
fault is interpreted by Meisling to connect with the AVHF along an
east-northeast-trending tear fault.

The Deep Creegk fault offsets late Pleistocene alluvium a maximum of 30
meters, down to the west (Meisling, 1984). The fault ia concealed by Holocene
alluvium and, locally, Miller (1975-77) mapped the fault as cencealed by late
Fleistocene alluvium (locality 7, figure 2b). A segment of the beep Creek
fault is exposed in the east abutment of the Mojave River Dam (locality 8,
figure 2b}, Cretacecus granitic bedrock iz thrust over mid-Pleistocens
alluvium; the fault dips 459 southeast (figure 2b).

Meigling (1984) considered the Deep Creek fault to be potentially

active, He estimated a preferred late Quaternary slip-rate of 0.14 mm/yr for
the Deep Creek fault,



Juniper Ranch and Powerline Road Faults

The Juniper Ranch and Powetrline Road faults are northeast to
north-northeast-trending, high-angle faults associated with the Ord Mountains
fault zone (fiqures 2a, 2Zkb). Meisling (1984) mapped both the Juniper Ranch

and Powerline Road faults; Dibblee mapped a fault similar to the Powerline
Road fault (figures 2a, 2b),

The Juniper Ranch fault is located entirely within basement rocks
(Meisling, 1984), The magnitude and sense of displacement are uncertain, but
Meizling speculated that it is probably vertical, down to the west. Meisling
stated that the fault is not well-defined and assumed the fault teo be inactive.

The FPowerline Road fault is a high-angle fault with down-to-the-west
vertical displacement. The magnitude of displacement is not known, The
Powerline Road fault doesn't offset the upper part of Meisling's Qf2 alluvial
unit (% 100,000 ybp) and, according to Meisling, is not geomorphically
wall-defined, Melsling considered the Powerline fault te be inactive.

ARRASTRE CANYON GRAREN

The Arrastre Canyon graben is a compled, northeast-trending 2zone of
faults consisting of the Bowen Ranch, Arrastre Canyon Narrows, and Lovelace
Canyon faults {figures 2a, 2b). Displacement along this fault Zone was
right-lateral astrike-slip during its early evolution, followed by dip-slip
displacement, and is currently reverse in response to compressicon (Meisling,
1984).

Bowen Ranch Fault

The Bowen Ranch fault is a north-northeast-trending fault that forms the
waztarn gide of the Arrastre Canyan graben (figure 2a), The fault has been
mapped by both Dikblee (1974) and Meisling (1984), although only Meisling's
fault is shown on figure 2a, The sense of displacement along the Bowen Ranch
fault is right-lateral obligque according to Meisling. About 1/2 km of
right-lateral separation of Cretaceous bedrock was reported, as well ag about
30 meters of vertical displacement of mid-Pleistocene terrace deposits (east
side down) (Meisling, 1984), Holocene terrace deposits are not offset along
the fanlt (locality 9, figure 2a). Meisling reported that the fault is
delinsated by geomorphic features such as linear drainageas, aligned saddles
and notches, and “disturbed® drainage patterns, Some drainages are deflected
left-laterally, which conflicts with the bedrock evidence indicating
right-lateral offset. Meisling concluded that this conflicting evidence
suggests a small amount of late Pleistocene vertical offset.

Arrastre Canyon Narrows Fault

The Arrastre Canyon Narrows fault is a northeast to east-northeast-
trending, generally high-angle fault zone mapped by Dibblee (1974) (not
plotted) and Meisling (1984) (figures Za, 2b), The fault conszists of several
segment s and is complex, The style and magnitude of displacement are not well
understocd. Meisling (1984) mapped the central segment as right-lateral and
reported a compressiconal ridge in bedrock. In addition, Meisling reported
about 1/4 km of right-lateral displacement of a structural feature in
Cretaceous bedrock, Middle Fleistocene Ord River Gravel is offset vertically
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(notthwest side down) at locality 10 {(figure 2a). Holocene alluvium is
juxtaposed against Ord River Gravel deposit near locality 10 (figure 2a).

The geomorphic expression of the Arrastre Canyon Narrows fault is not
well-defined according to Meisling. He was not certain whether the saddles,
benches, and troughs in bedrock were the result of differential erosion or
recent faulting. Furthermore, the geomorphic expression of the fault Zone is
variable according to Meisling, indicating a lack of recent, systematic
faulting.

The Arrastre Canyon Marrows fault complexly jeins with the Sky High Ranch
 fault to the east (figure 2a}. Becausze the sky High Ranch fault iz considered
to be potentially active by Meisling, he also considered the Arrastre Canyon
Narrows fault to be potentially active due to its connection with the Sky High
Ranch fault, A trench was excavated across a segment of the Arrastre Canyon
Narrows fault at locality 11 (figure 2a), The trench was excavated in
Holocene alluvium of Lovelace Canyon and no evidence of recent faulting was
reported, However, the alluvium at this location is probably late Holocene in
age, =20 a lack of Holocene activity cannot be demonstrated at this site.

Lovelace Canyon Fault

The Lovelace Canyon fault iz a northeast-trending, probably high-angle
strike~slip fault (figure 2a), Meisling (1984) and Dibblee (1%74) mapped
gegments of the Lovelace Canyon fault (Dibblee's fault not plotted).
Approximately 1 km of right-lateral strike-slip displacement has occurred
along the Lovelace Canyon fault, based on the truncation of the axis of a dome
in bedrock {(Meisling, 19%84), Meisling found no compelling evidence for recent
activity along the Lovelace Canyon fault, He reported that the fault is not
characterized by gecmorphic evidence of recent faulting, and interpreted the
fault to be pre-middle Pleistocene in age.

TUNNEL RIDGE LINEAMENT

The Tunnel Ridge lineament is a significant northeast-trending fault in
bedrock mapped by bDibblee {1974) and Meisling (1984) (Dibblee not plotted)
{figure 2b)., The style and magnitude of offset of the Tunnel Ridge lineament
is not known, Meisling pointed out that significant vertical displacement
along the Tunnel Ridge lineament has not occurred because of the relative
gontinuity of the late Miocene erosion surface across the fault, Left-lateral
strike-slip displacement probably characterizes the fault at its southern end
where it complexly joins the Cleghorn faunlt, & Hologene-active, left-lateral
strike~slip fault (Meisling, 1984), Geomorphic expression of the Tunnel Ridge
lineament iz limited mainly to broad, linear valleys developed on the late
Miocene ercsmsion surface (Meiasling, 1984), Although Meizling did not evaluate
the Tunnel Ridge lineament in detail, he assumed that the fault must have had
displacement since middle Pleistocene time, based mainly on the fanlt's
association with the Cleghorn fault to the southwest and the sky High Ranch
fault (via the Arrastre Canyon graben) to the northeast,

POWERLINE CANYON FAULT

The Powerline Canyon fault is a west-northwest-trending, near-vertical
fault mapped by Melsling (figure 2b). The style and magnitude of the fault
are not known, The Powerline Canyon fault iz overlain by and does not offset
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terrace deposits of unknown age (locality 12, figure 2b). Meisling assumed
that the age of this terrace deposit may pre-date uplift of the Ord Mountains
{late Pliocene to early Pleistocene). The Powerline Canyon fault is not

characteri zed by geomorphic evidence of late Quaternary activity (Meisling,
1984, p, 317), and was considered to be inactive by Meisling,

INTERPRETATION QOF AFRIAL PHOTOGRAPHS AND FIELD OBSERVATIONS

Aerial photographic interpretation by this writer of faults in the
northweat San Bernardine Mountain study area was accomplished by using U,8,.
Department of Agriculture (AXL, 1953, scale 1:20,000), U.5. Bureaun of Land
Management - (CAHD-77, 1978, scale 1:30,000), U,5. Geological Survey (1975,
scale 1:13,000; GS-VCGN, 1969, scale 1:30,000), and U,S. army Corps of
Engineers (MR, 1939, scale 1:20,000) air photoa,

Approximately four days were spent in the study area in early September
1986 by this writer. selected fault segments were verified and subtle
features not cbservable on the aerial photographs were mapped in the field.
Results of aerial photographic interpretation and field observations by this
Wwriter are summarized on figure 3.

NORTH FRONTAL FAULT ZONE

The NFFZ in the study area is characterized by a ceomplex zone of both
low-angle reverse faults, high-angle strike-£lip fauwlts, and associated
folds, Mapping by this writer generally verified late Pleistacene faylts
mapped by Meisling (1984), and, locally, faults mapped by Miller (1975-77),
and pibblee (1974) (figures 2a, 2k, 3).

White Mountain Thrust System

The segment of the White Mountain Thrust System northeast of the Sky High
Ranch fault is generally well-defined and is delineated by a well-defineq
Bcarp in late Pleistocene alluvial fans, ponded alluvium, and tonal lineaments
in Holocene alluvium {figure 3}, A Holocene terrace deposit overlies and is
not offset along the fault (locality 13, figure 3). At locality 14, the scarp
is about 36 meters high and has a scarp-slope angle of 34°, The age of the
alluvial fan is thought by Meisling (1984) to be about 400,000 years old.
Preliminary studies of svil development on comparable alluvial fan surface=z
east of the study area suggest the age of the fan surface te be about 130,000
years old {Bryant, 1986; Borchardt, 1986). -

The segment of the White Mountain Thrust Bystem mapped by Meisling
northeast of the Sky High Ranch fault was verified by this writer (figures
2a, 3). This segment of the fault is more continuous than mapped by Miller
(1975-1977). West of the Sky High Ranch fault, segments of the White Mountain
Thrust System are not delineated by geomotphic evidence of recent faulting and
are not well-defined.

Sky High Ranch Fault

The sky High Ranch fault in the study area is generally well-defiped and
15 delineated by geomorphic features indicating latest Pleistocene to Holocene
strike-slip displacement, such as earps in alluvium, shutter ridges, a
sidehill bench, ponded Holocens alluvium, and g right-laterally offset
geomorphic surface {e.g., localities 15, and 16, figure 3), Northwest of
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locality 16, the fault splays into several, less well-defined segments
denerally delineated by subdued, northeast-facing scarps in late Pleistocene
alluvium (figure 3). The faulting northwest of locality 16 is more character-

istic of a south-dipping reverse fault. It was not pozsible during this stody
to ascertain whether the subdned, generally poorly defined scarp in late

Fleistocene alluvium delineates a fault or fold in near-surface materials.

Drainage deflections along the Sky High Ranch fault southeast of locality
16 do not reflect systematic right-lateral strike-alip displacement, The
majority of drainages are left-laterally deflected and are probably the result
of stream capture rather than left-lateral displacement. The right-laterally
of feet geomorphic surface at locality 16 (figure 3} indicates right-lateral
offzet along the Sky High Ranch fault.

Ocotillo Ridge "Fold®

The Ocotillo Ridge "fold" is delineated by a moderately defined and
degraded north-facing scarp in mid-Pleistocene Ord River Gravel deposits
(figure 3). Additional geomorphic features associated with this structure
include faceted spurs and a subtle tonal lineament in Holocene alluvium {e.g.,
locality 17, figure 3), The faceted spurs along the north-facing scarp are
probably resistant gravel beds.

This writer visited Mei=ling's trench site at locality 4 (fiqures 2a,
3). Steeply north-dipping beds of Ord River Gravel deposits were verified by
this writer. Within about 120 meters, bedding in the Ord River Gravel
deposits changes from a gentle northerly dip (v 3%) to a 219N dip about
15 meters from the south end of the trench, to 55PN in the trench. Based on
the intensity of deformation of the gravel deposits and the relatively short
trench excavated by Meisling { v 2D meters), it is possible that a fault may
exlat just porth of the trench site, probably concealed by the debris slope
derived from the gecarp, The location of the fault may be 15 to 30 meters
north of Meisling's trench, based on air photo interpretation by this writer
{locality 4, figure 3}, Thua, the presence of a fault along the base of
Ocotillo Ridge has not conclesively been demonstrated,

Ord Mountains Fault Zone

Apple Valley Highlands Fault

The generally north-ttending Apple Valley Highlands fault iz delineated
by a well-defined, west- to northwest-facing scarp in late Pleistocene
alluvium (figure 3), Faults mapped by Miller (1975-77) and Meisling (1984)
generally were verified by this writer. Geomorphic features indicating latest
Pleistocene, and possibly Holocene reverse faulting associated with this scarp
include "wine-glass" shaped drainages, vertically offset drainages, faceted
BEpurs, a possible graben on the upthrown block, and tonal lineaments in
Holocene alluvium {e.g., localities 18-20, figure 3).

The west-facing scarp is dissected and alluvial fans issuing from the
moarp are not offset. The unmodified constructional surface (bar and swale
topography), lack of boulder weathering, and lack of desert pavement suggest
that these fans are late Holocene in age, Scarp heights in late Pleistocene
alluvium vary from 70 meters (reported by Meisling, 1984} near locality 6
(figure 2a) to 15 meters at locality 19 (figure 3). Scarp-slope angles are

about 270 to 289, and crests are somewhat rounded (figure 3). The offset
late Pleistocene alluvium {Meisling's Qf2) has a well-developed stage IV
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E horizon and an overlying B horizon, Meisling's observation that the K
horizon was downwarped at the fault was pattly verified by this writer along a
branch fault (locality 22, figure 3).

Deep Creek Fault

The Deep Creek fault is delineated by a moderately to poorly defined
scarp in late PFleistocene alluvium (figure 3). The west-facing scarp mapped
by mMiller (1975-77) and Meisling (1984) was generally verified as to location
by this writer. However, the Deep Creek fault lacks the youthful geomorphic
features of the AVHF, the scarp is much more degraded, and much of the fault
is concealed by Holocene alluvium,

Juniper Ranch and Powerline Road Faults

Theze north-northeast-trending faults are not well-defined and are not
characterized by geomorphic features indicating recent faulting (figures
2a,2b).

ARRASTRE CANYON GRABEN

Bowen Ranch Fault

The Bowen Ranch fault is a moderately well-defined strike-slip fault
(figure 2a). Geomorphic features in granitic bedrock, such as aligned
saddles, linear ridges and drainages, and left-laterally deflected drainages
atre characteristic of late Quaternary displacement, but evidence of latest
Pleistocene to Holocene displacement ia permissive to weak (figure 2a)..
Geomorphic evidence of right-lateral strike-slip displacement was not verified
by this writer and, except for a vertically offset drainage that is probably
not fault related (locality 23, figure 2), there is no well-defined geomorphic
evidence of recent vertical displacement.

Arrastre Canyon Narrows Fault

The Artastre Canyon Narrows fault is a complex, generally poorly defined
fault zone in bedrock (figures 2a, 2b, 3)., Geomorphic features delineating
the fault, such as lineatr drainage, saddles, deflected dralnages, and linear
ridges, are not characteristic of recent faulting and are not supportive of
systematic strike-slip displacement. The fault segment near locality 10
(figure 2a) that offsets mid-Pleistocene Ord River Gravels (Meisling, 1984) is
not well-defined and is not delineated by geomorphic features characteristic
of recent faulting. An exposure of a segment of the Arrastre Canyon Nariows
fault at locality 24 (figure 2a) indicates that this segment of the fault is
strike-slip, The fault plane in granitie bedrock is vertical to near-vertical
and horizontal zstriations were obzerved along individual fault planes. No
evidence of recent faulting was observed at this site.

Lovelace Canyon Fault

The Lovelace Canyon fault is a moderately to poorly defined,
northeast-trending fault in bedrock (fiqure 2a). The fault is delineated
principally by a broad linear drainage in bedrock; geomorphlc evidence of
recent faulting was not observed by this writer, based on air photo
interpretation,



TUNNEL RIDGE LINEAMENT

The Tunnel Ridge lineament is a moderately defined, northeast-trending
fault in bedrock (figure 2b). The fanlt is delineated by geomorphic features
Buch as linear and deflected drainages and aligned zaddles in bedrock
(figure 2b), Geomorphic evidence of recent, systematic strike-slip .
digplacement was not observed by this writer along the Tunnel Ridge lineament,
based on brief air photo interpretation, The junction at Miller Canyon
between the Cleghorn fault and the Tunnel Ridge lineament was not evaluated in
this FER, but will be evaluated with the Cleghorn fault (FER-187).

POWERL INE CANYON FAULT

The Powerline Canyon fault is a moderately well-defined, west-northwest-
trending fault in bedrock (figure 2b}, The fault is delineated by geomorphic
features that are more characteristic of differential erosion azlong a fault,
such as a broad trough, linear drainages, left-laterally deflected drainages,
and a north-facing bedrock escarpment (figure 2Zb).

SEISMICITY

Beismicity in the notthwestern San Bernardino Mountains study area is
depicted in figure 5, A and B guality epicenter logations by California
Institute of Technology are for the perjod 1932 to 1985,

Segments of the NFFZ in the study area are seismically active. Clusters
of epicenters in proximity to the sSky High Ranch fault indicate that it is
seismically active, although the fault is not asscciated with a well-defined
zone of microsejismicity. The Qrd Mountains fault zone generally has a low
rate of sgeismieity except for a cluster of epicenters near the stepover
between the AVHF and the Deéep Creek fault.

A small cluster of epicenters iz located near the junction between the

Arrastre Canyon Graben and the Tunnel Ridge lineament. Additiconal epicenters
azeur in the study area, but are not associated with any surface faults.

CONCLUSIONS
NORTH FHONTAL FAULT ZONE

The NFFZ is a major, east-, north—, and northwest-trending fault Zone
that marks the boundary between the Transverse Ranges and Mojave Desert
geomorphic provinces. ‘The NFFZ in the study area consists of the White
Mountain Thrust System, Ord Mountains fault zone, Sky Higbh Ranch fault, and

related faults (figures 2a, 2b, 3).

White Mountain Thrust System

The White Mountain Thrust System ie not well-defined and does not have
geomorphic evidence of recent faulting, except for a seqment of the fault
located northeast of the Sky High Ranch fault (figures 2a, 3). This segment
"is well-defined and is delineated by a scarp in late Pleistocene alluvial fans
(localities 13, 14, figures 2a, 3). Associated geomorphic features, such as
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ponded alluvium, relatively steep scarp-slope angles (279-349), and tonal
lineaments in Holocene alluvium, indicate latest Pleistocene reverse faulting

and are suggestive of Holocene displacement. Mapping by Meisling (1984) along
this segment of the fault was verified by this writer (figurea 2a, 3).

Sky High Ranch Fault

The Sky High Ranch fawlt iz a generally well-defined northwest-trending,
right-lateral strike-slip fault (figures 2a, 3). The fault is characterized
by geomorphic evidence of latest Pleistocene and possible Hulocene strike-
slip displacement (figure 3). Meisling (1984) reported that approximately 1/2
km of right-lateral offset has occurred along the Sky High Ranch fault since
deposition of late Pleistocene alluvial fana. These fans are thought by
Meisling (1984) to be approximately 400,000 vears old, but preliminary soils
stndies by Borchardt (1986) suggest that equivalent alluvial fans east of the
study area may be about 130,000 vearz old, Northwest of locality 16 (figures
2a, 3), the Sky High Ranch fault splays into several branches and generally is
not as well-defined (figures Za, 3}, The northernmost branch offsets late
Pleistocene alluvium in a down-to-the-north reverse (?) sense of displacement,
but the scarp is generally poorly defined (figure 3).

Ocotillo Ridge "Fold”

The Ocotille Ridge "fold” was mapped by Dibblee {1974) as an anticline,
by mMiller (1975-77) as a faulted anticline, and by Meisling (1984) as a
monoclinal warp in middle-Pleistocene alluvium (figure 2a). Thia structure is
delineated by a moderately defined, degraded, north-facing zcarp in middle-
Pleistocene alluvium. On the weat, the skructure changes to a southerly trend
and joins with the Apple Valley Highlands fault., Meisling (1984) concluded
that this scarp delineated a fold at the surface that was formed in response
to faulting at depth. This conclusion was based on a 20-meter-long trench at
locality 4 (figures 2a, 3, 4), where no faulting was reported. Although the
trench was not long encugh to concluszively demonatrate that fault planes are
not located Farther to the north, the north-facing scarp is degraded and is
not characterized by geomorphic features indicative of Holocene faulting.

Ord Mountains Fault Zone

Apple Valley Highlands Fault

The Apple Valley Highlands fault is a well-defined, north-trending
reverse fault that offsets late Pleistocene alluviuam (figures 2a, 2b, 3).
Mapping by Miller (1975-77) and Meisling (1984) generally was verified by this
writer (fiqures 2a, 2b, 3). Geomorphic evidence of latest Pleistocene and,
posszibly, Holocene faulting includes a well-defined scacp in late Pleistocene
alluvium, "wine-glass" shaped drainages and vertically cffszset drainages, and
tonal lineaments in Holocene alluvium (figure 3). Scarp-slope angles measured
along segments of the Apple Valley Highlands fault are 279 to 289,
possibly indicating the youthfulness of the scarp (figure 3). Although the
offset alluvium is well indurated due to extensive K horizon development
{stage IV), the K horizon and overlying B s0il horizon ate warped down at the

fault (Meisling, 1984, p. 187), indicating that faulting is much younger than
the age of the late Pleistocene alluviumn,
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Deep Creek Fault

The Deep Creek fault is a poorly defined north to east-northeast-trending
reverse fault mapped by Miller (1975-77), Meisling (1984), and Dibblee (1974)
(Eigure 2b), Although the location of the fault was generally verified by
this writer, geomorphic evidence of recent faulting was not observed (figure
2b).

Juniper Ranch and Powerline Road Faults

These high-angle faults associated with the Ord Mountainz fault zone are
not well-defined and do not have geomorphic evidence of recent faulting
(figures 2a,.2b), Meisling (1984) concluded that these faults did not have
evidence of late Quaternary diaplacement.,

ARRASTRE CANYON GRABEN

Bowen Ranch Fault

The Bowen Ranch fault mapped by Meisling (1984) is a moderately
well-defined, north-northeast-trending f£ault in bedrock (figure 2a). Middle-
Pleistocene alluvium is offset along the fault (locality 10, figure 2a).
Geomotphic features in bedrock delineating the fault, such as aligned saddles
and notches, linear drainages and ridges, and troughs suggest recent faulting,
but could also be the result of differential ercsion along the fault
{figure 2a), Systematic offset of drainages was not observed along the
fault. There is no compelling evidence for recency along the Bowen Ranch
fault, although an active fault with a very low alip-rate cannct be ruled out.

Arragtre Canvon Narrows Fault

The Arrastre Canyon Marrows fault is a multiple strand, sast-northeast-
trending fault mapped by Meisling (1984) (figure 2a), The fault zone
generally is poorly defined and geomorphic evidence of recent faulting was not
obzerved by this writer, based on air photo interpretation and limited field
checking, Meisling classified the fault zone as potentially active, based on
the assoclation with the Sky High Ranch fault., Meisling did not report
additional evidence of recent faulting.

Lovelace Canyon Fault

The Lovelace Canyon fault is a moderately to poorly defined, northeast-
traending fault in bedrock mapped by Meisling (1984) (figure 2a). Geomorphic
evidence of recent faulting was not observed by this writer, based on air
photo interpretation. Meiszling (1984) concluded that the fault has not been
active gince middle-Pleistocene time.

TUNNEL RIDGE LINEAMENT

The Tunnel Ridge lineament is a moderately defined, northeast-trending
fault in bedrock mapped by Dibblee (1974) and Meisling (1984) (figure 2b).
Meisling stated that the sense of displacement is not known along this fault,
but he ruled out significant vertical offset because the late Miocene erosion
gurface is relatively continuous across the fault, Geomerphic evidence of
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photo interpretation (figure 2b). However, the junction between the active
Cleghorn fault and the southern Tunnel Ridge lineament in Miller Canyon was

not evaluated in this stuody, but will be evaluated in FER-187.

POWERLINE CANYON FAULT

The Powerline Canyon fault is a west-northwest-trending fault in bedrock
mapped by Meisling (1%84) (figure 2b), Meilsling reported that a terrace
deposit that overlies and is not offset by the fault may pre-date uplift of
the Ord Mountains, indicating that the Powerline Canyon fault is pre-late-
Quaternary. The fault is moderately well-defined in bedrock, but geomorphic
features delineating the fault are probably the reszult of differential erosion
along the fault (figure 2b}.

RECOMMENDAT IONS

Recommendations for zoning faults for special studies are based on the
criteria of "sufficiently active™ and "well-defined™ (Hart, 1985).

NORTH FRONTAL FAULT ZONE

Zone for aspecial studies well-defined segments of the White Mountain
Thrust System, Sky High Ranch fault, and apple valley Highlands fault shown on
figure 6. Do not zone segments of the Deep Creek, Juniper Ranch, and
Powerline Road faults, FPrincipal references cited should be Miller (1%75-77),
Meisling (1984), and this FER. Do not zone the Ocotillo Ridge “fold". This
structure is generally not well-defined and may not be a surface fault,

ARRASTRE CANYON GRABEN

Do not zone segments of the Bowen Ranch, Arrastre Canyon Nartows, and
Lovelace Canyon faults, Those faults are neither aufficiently active nor
well-defined.
TUNNEL RIDGE LINEAMENT

Do not Zone for special studies. This fault is neither sufficiently

active nor well-defined, Recommendations for the southern Tunnel Ridge
lineament near Miller Canyon will be made in FER-187 (Cleghorn fault),

POWERLINE CANYON FAULT
Do not zone for special studjiesz, This fault is not sufficiently active.

: M- Q
.QLF”JJ : | ARV ‘;Eéavq

William A. Bryant
. . Aszociate Geologist

e
9M+Mtﬁjw J R.G. #3717 Loas

pecember 8,

-13-



REFERENCES

Bird, P, and Rosenstock, R.W,, 1984, Kinematics of present c¢rust and mantle
flow in southern California: Geological Society of America Bulletin,
v, 95, p. 946-957.

Borchardt, G., 1986, Offset soils along faults in the west-central Mojave
Desert, California: California Division of Mines and Geology in-house
teport, 20 p.

Bortugno, E.J. and Spittler, T.E., 1986, Geologic map of the San Bernardino
quadrangle: 'Division of Mines and Geology Regional Geologic Map Series
No., 3, scale 1:250,000. (in press).

Bryant, W.A., 1986, Eastetn North Frontal fault zone and related faults;
southwestern San Bernardino County: California Division of Mines and
Geolegy unpublished Fault Evaluation Report FER-182.

Bull, W.B., 1978, Tectonic geomorphology of the Mojave besert: unpublished
technical report for the U.S, Geological survey Earthquake Hazard
Reduction Program, contract no., 14-08-001-¢-394, 188 p.

California Institunte of Technology, 1985 Magnetic tape catalog, southern
California earthguakes for the period 1932 to 1985: Seismological
Laboratory, California Institute of Technology (unpublished).

Clark, M.M., Harms, K.EK., Liénkaemper, J.J., Harwood, D.S5., Lajoie, K«R.,
Matti, J.C., Perkins, J.A., Rymer, M.J., Sarna-Wojeicki, A.M.,
gSharp, R.V., 5ims, J,D., Tinsley, J.C., III, and Ziony, J.I., 1984,
Preliminary slip-rate table and map of late-Quaternary faults of
California: U.S. Geological Survey Open-File Report 84-106, 12 p.,
5 plates.

Dibblee, T.W., Jr., 1974, Geologic map of the Lake Arrowhead 15-minute
quadrangle, San Bernardine County, California: U.5. Geological Survey
Open File Map 73-56, scale 1:62,500.

Dibblee, T,W., Jr,, 1975, Late Quaternary uplift of the San Bernardino
Mountaing on the San Andreas and related faults in Crowell, J.C. (ed.)
San Andreas Fault in Southern California: cCalifornia pivision of Mines
and Geology Special Report 118, p, 127-135.

Gillou, R.B., 1953, Geology of the Johnson Grade area, San Bernardino County,
California: california Division of Mines Special Report 31, 18 p.,
1l plate, scale 1:24,000.

Hart, E.W., 19853, Fault-rupture hazard zones in California: Division of Mines
and Geology Special Publication 42, 24 p.

Hollenbaugh, K.M., 1968, Geology of a portion of the north flank of the
San Bernarding Mountains, California: University of Idaho, unpublished
Ph.p. thesis, 109 p., 1 plate, scale 1:12,000,

Meisling, K.E., 1984, Neotectonica of the North Frontal fault system of the
San Bernardine Mountains, =zouthern California, Cajon Pass to Lucerne
Valley: <cCalifornia Institute of Technology, unpublished Ph.D. thesis,
394 p., 2 plates, map scale 1:24,000,

—14-



Mendenhall, w.C., 1905, The hydrology of the San Bernardino Valley, California:
U.5. Geclogical survey Water supply Paper 142.

Miller, F,K., 1975-77, Geologic strip map along the northeast side of the
San Bernardino Mountains, California: U.5. Geological Survey unpublished
map, scale 1:48,000, ‘

Ponti, p,J., 1985, The Quaternary alluvial gequence of the Antelope Valley,
California in Weide, D.L. (ed.) Soils and Quaternary Geology of the
Southwestern United States: Geological Society of. America Special Paper
203, p. 79-96,

Richmend, J.F., 1960, Geology of the San Bernardino Mountains north of
Big Bear lLake, California: California Division of Mines Special Report
65, 68 p., 1 plate, scale 1:31,200.

Rogers, T.H,, 1367, San Bernardino sheet: cCalifornia Division of Mines and
Geology Geologic Map of California, scale 1:250,000.

Sadler, P,M,, 1982, Provenance and structure of late CenozZoic sediments in the
northeast San Bernardino Mountains, in Guidebook-Geologic excursion in
the Transverse Ranges, southern California: Geclogical Society of
America, 78 the Annual Meeting, Cordilleran Section, April 19-21, 1982,
P. 83-91-

Sadler, P.M., 1981, The structure of the northeast San Bernardino Mountains:
Notes to accompany 7.5-minute quadrangle maps submitted for compilation
ento the San Bernardino 1° x 2° quadrangle: Final report to State of
California, Department of Conservation, Division of Minez and Geology,
Contract #5-1104, 26 p., appendix (unpublished data).

U.s. Army Corps of Engineers, 1939, perial photographs MR 102 to 107; 109 to
116; 135 to 159: 178 to 182; 194 to 195, black and white, vertical, scale
1:;20,000,

U.5. Bureau of Land Management, 1978, Aerial photographa CAHD-77 7-25, 3 to 7;
7-26, 3 to 8; 7-27, 2 to 5; 7-28, 2 to 7: 8-29, 1 to 4, black and white,
vertical, acale 1:;30,000,

U. 8. Department of Agriculture, 1953, Aerial photographs 27K-96 to 102,
28K-162 to 167; 29K-27 to 2B; 42K-58 to 59; 43K-56 to 62; 46K-26 to 32;
47E-94 to 102; 115 to 117, black and white, vertical, scale 1:20,000.

U.5. Department of Agriculture, 1952, aAerial photagraphs AXL-23K-160 to 162,
black and white, vertical, scale 1:20,000,

U.5. Geolegical Survey, 1975, aerial photographs 4-4 to 16; 5-1 to 10, color,
vertical, scale l:20,000,

U.8. Geological survey, 1969, Aerial photographs GsS-VCGN 2-87 to 97: 112 to
115, 120 to 124; 3-1 to 4; 7-15 to 22, black and white, vertical, scale
1:30,000,

Vaughn, F.E., 1922, Geology of San Bernardino Mountains north of San Gorgonio

Pass: University of California Publications, Bulletin of the Department
of Geological Sciences, v, 13, no. 9, p. 319-411, 1 map, scale 1:125,000.

—15-—



Woodford, A.0. and Harriss, T.F., 1928, Geology of Blackhawk Canyon,

San Bernardino Mountains, California: Univeraity of California

Publications, Bulletin of the Department of Geological Sciences, v. 17,
P. 265-304,

—16-



M

.1
“1s-

Ceolilfo Ridge Trench
’B !9 16 |:?

symbals
5

o Lo

cobbine | pabaer

v cre 1gad- | mEgcra
grasulel send

norihwest wall  NISE—

Figure 4 to (FER-1B6). Log of Ocotille Ridge trench excavated by Meisling {1984) {refer to locality 4,
figures Za and 3 for location of trench). CaCp;-cémented fractures (#5 and 6 on log) and liquefaction
features {#9-11) were reported in mid-Pleistocene Ord River Gravel-depcsits.

Meisling reported no
evidence of faulting in this north-dipping homocline.



Seismicity (A and B gquality) in the northwestern

San Bernardino Mountains study area for the period 1932 to mid-1985,

Figure 5 (to FER-18&).
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